METHOD OF MANUFACTURI NG A FI NNED SEM CONDUCTOR DEVI CE STRUCTURE TECHNI CAL
FI ELD [0001] Enbodi ments of the subject matter described herein relate
generally to sem conductor devices and rel ated manufacturing processes.
More particularly, enbodiments of the subject matter relate to nethods of
form ng finned sem conductor devices, such as FinFET devices, in a reliable
manner. BACKGROUND 100021Transi stors, such as netal oxide sem conductor
field-effect transistors (MOSFETs), are the core building block of the vast
majority of sem conductor devices. Sonme sem conductor integrated circuits,

such as high penMEmmANCEMANIFRESORANPL FRNGGESIPNBUICESR HRACE Nc! ude
billions of transistors. For such devices, decreasing transistor size, and

t hus i ncreasing transistor density§T55§T¥¢%ditionalIy been a high priority
in the sem conductor manufacturing industry. [00031A FinFET is a type of
transistor that can be fabricated using very small scale processes. FIG 1
is a sinplified perspective view of a FinFET 10, which is fornmed on a

sem conduct or waf er substrate 12TEQHFICAEETELRE naned for its use of one or

fi 14, ich I rial of the
Substrate 12, e shown r Fra 1 eaener s GOIHERG SRR source

in Fl |
regi on 16 and SSMGYSPHCT et prd rdatek mangigctiing pETessey, Mg arfieutaBET 10 al so
i ncl udes a gatembsdimentstafithe s@fect fkr rkigte (R FVEMIBAhAGEASRalRe fins 14.

The surface ar f £ 14 in contact with the gate structure 20
det er i nes théﬁge’é%%?gémﬁﬁiﬁﬁ%?°%P“@ﬁ%ﬁ?ﬁWﬁET 10. Seni conductor materials

suitable for creating FinFETs include, but are not limted to silicon,
ger mani um silicon-germani um al | ogscxaRAyNbl -V materials such as GaAs,
| nGaAs, and | npP.

[0002] Transistors, such as metal oxide semiconductor field-effect transistors
{MOSFETs), are the cote building block of the vast majority of semiconductor devices.
Some semiconductor integrated circuits, such as high performance processors or
processing units, can include billions of transistors. For such devices, decreasing
transistor size, and thus increasing transistor density, has traditionally been a high priority
in the semiconductor manufacturing industry.

[0003] A FinFET is a type of transistor that can be fabricated using very small scale
processes. F1G. 1 is a simplified perspective view of a FInFET 10, which is formed on a
semiconductor wafer substrate 12. A FinFET is named for its use of one or more fins 14,
which are formed from the semiconductor material of the substrate 12. As shown in FIG.
[, each fin 14 extends between a source region 16 and a drain region 18 of the FinFET 10.
The FinFET 10 also includes a gate structure 20 that is formed over and across the fins
14. The surface area of the fins 14 in contact with the gate structure 20 determines the
effective channel of the FinFET 10. Semiconductor materials suitable for creating
FinFETs include, but are not limited to silicon, germanium, silicon-germanium alloys,
and lI-V materials such as GaAs, InGaAs, and InP.

BRIEF SUMMARY
[0004] A method of manufacturing a finned semiconductor device structure is
provided. The method forms a semiconductor fin structure from a layer of semiconductor
material, and then deposits an insulating material overlying the semiconductor fin
structure such that the insulating material fills space adjacent to the semiconductor fin

structure. The method continues by creating a flat surface from the deposited insulating



BRI EF SUMVARY 100041A net hod of manufacturing a finned sem conductor device
structure is provided. The nethod forns a sem conductor fin structure from
a |layer of sem conductor nmaterial, and then deposits an insulating naterial
overlying the sem conductor fin structure such that the insulating materi al
fills space adjacent to the sem conductor fin structure. The nethod
continues by creating a flat surface fromthe deposited insulating
material, such that the flat surface is continuous with an upper surface of
the sem conductor fin structure. The nethod then fabricates a dummy gate
structure over hMiar_l’&g sdch @af thedat @%cfea%ntiﬁu@& vgﬂlmppgxasht@acus&frt%c.t ure transver $6| y
overlying the sem cdon%gctor fin structure. The nethod continues by form ng
spacers adj acefit QI YEdI"SLuchre (Themafiofiengahrisatesidypmy ga& stpeweyi ng t he dunmmy
gate struct ur eovaliidgshd feasuag, hdramepase ssuctbshaskdddvkyyidgthact , and
sel ectively etghi-ng h sited insulating material bel ow an area
defi ned between tcheuit%g?é{rnsc,m;eaﬁrgglgﬁtg%f Cr?%th“ﬁ‘%s&y ?‘?{Q{"gf CLAUCR FGNES with the
spacers. 10005FAGtREY saietHeee.odmaving ealomuy engstacthie whigdesapiteonduct or
devi ce StruCt Wpsels Substh@iR1HOUI S e Ryt diRE B g;ggéws'tpc}’m&'iaﬂ}(g ding a
substrate havi nqq b@)l(et) sem c(?nduct or material, an y flor.m ng a
seni conduct or THRPSFPYEE ArRof PP R hruirrees et Borennesr Bt imstfabgngdl . The
met hod conti nuet tispadepositing an insulating material overlying the
sem conduct or fdod; Stk re.such that the.insulati material fjlls space
adj acent to tHe 0glem' égoﬁﬁ uc 859 fnﬁnug C%“ﬂ%% %?@?Eifpéfﬁ'&&g%dﬁﬂ""tsﬂé"“ﬁ%tﬁosi ted
i nsul ati ng nataépipwld?ﬁnd’ his metheddiegiooinductidng o substratt havoik bulle séndcoadwent e a f |l at
surface, and mefriglfimﬂgfcﬁnitf}??ée%%%%r ﬂ?&xﬁct&gﬂgﬁ%g%?kge%i{ogéuc @ gate
structure transversely overlying the sem conductor fin structure.
100061Al so pr SWG&d Thsmspand cofitigyen By deppsitiigan issulsrias mrtereat enellyieg e f i nned
ts)elm'kcondyct o(rj selsivinde:ts fif ptﬁilbﬂufefeuch'ﬁ’(’a't fhe mlallé:m n@t@t%\{%iﬁ%%&célacﬁéégﬁw 1l ef havi ng

u sem con .Qr teri.a rnes.a rality of sem conductor fin
structures fr ggﬁﬁf?%’guc Oﬁﬁﬁs%ugﬁ’ietpga}?arﬁfé‘igé& ‘#‘J?ﬁ‘fsg‘?di ’él“',a“%ﬁ‘&te&'f‘lééq 8 jsol ation
trenches in th@mmﬂﬁw%émtmrdmctr@m aftat @rfaa| and plrborhispd @pleemedi g@BiChes are
| ocat ed bet We%ﬂ)céd!i]ﬁ iPfolH Rbdd Yrufre §§1§3e9s‘812%9e‘%&9{ tfelsepmicsotncli’ul‘clz%‘blrs%subt Lhe nethod
continues by filling the isolation trenches and coveri ng hd pf'ﬁ'ral ity of
sem conduct or 1990 stAlspoitreiided iswptapothas methadipfamanviecturing e fiiraf semiqoadiciong a f | at

surface from tibiecedRRASI. tTRE meMSdipratididd @ subiit&S Haaillg b%m&%ﬁ&&%%a@ )
repl acenent gate procedure to ate structure transversely overlying

r form a _ .
the plurality'of" g@%alé%ﬁt&ff&‘tc?ﬂd”?‘?r?%tf tee demdhe bytsemisopfycior aaleiidry i s
provi ded to i AtdcpEiseieolaios ekl irahe ik eoRORIG: makrial. Thépdlithh @6hchar m t hat are

further descrifed, d e il.ed description, This sunmary is not
i ntended to ident; %?e%g){} eeéilpglgggttsgrlpmggd‘sjgﬁtsf?‘ astrucltwéeét Uedacthiog CORaues | o ned
subj ect mat t ePy filljgsth isoljtion jrepchen asickovesing the nlveatity @ seaivomiuctor fim sttetieesmi ni ng t he

scope of the clRhdTRALEMODRGH), FBhES ﬂat@lﬁ%aggfrm‘g@pgmkaq&u%ngﬂhﬁerww NGS
and performing a replacement gate procedure to form a gate structure transversely
overlying the plurality of semiconductor fin structures.
[0007] This summary is provided to introduce a selection of coneepts in a simplified
form that are further described below in the detailed description. This summary is not
intended to identify key features or essential features of the claimed subject matter, nor is

it intended to be used as an aid in determining the scope of the claimed subject matter,

BRIEF BESCRIPTION OF THE DRAWINGS
[0008] A more complete understanding of the subject matter may be derived by

referring to the detailed description and claims when considered in conjunction with the



100081A nore conpl ete understanding of the subject matter may be derived by
referring to the detail ed description and clainms when considered in
conjunction with the following figures, wherein |ike reference nunbers
refer to simlar elenents throughout the figures. 100091FIG 1 is a
sinmplified perspective view of a conventional FinFET having a plurality of
fins; and 100101FI GS. 2-23 are various cross-sectional and top views that
illustrate a finned seniconductor device structure and an exenplary process
for fabricating it. DETAI LED DESCRI PTI ON 100111The fol |l ow ng detail ed

description i s iuded, W&Eiﬁ fkd V8rehdd nDAbA r@fe@QQmiiﬁ eRBLnts thxlatéé?-.@&’red to limt
t he enbodinenkg the subject matter or the application and uses of such

f
embodi ment s. e%@@ﬁ herein, the word "exenplary" means "serving as an
exanpl e, instdnwel OoFIG. | Isusinplifiddqarspechtyidwgdh eovestiahl rwrodesand bed herein as

exenplary is jly to be construed as preferred or advantageous
over ot her in%ﬁ%ﬂ@ﬁ?§§$gﬁg. Furthernore, there is no intention to be bound

by any expresd®fr FiS| 3-&dare tdomsyropr-wstntl ed! ihmvieshiehapillesretdia fignetlechni ca
field, backgraumgondidrQlvic YIREYan®@bn SRGHIESG bioOsd ngagﬁgtﬁx'g ked description.

DETAILED DESCRIPTION
{0011] The following detailed description is merely illustrative in nature and is not
intended to limit the embodiments of the subject matter or the application and uses of
such embodiments. As used herein, the word “exemplary” means “serving as an
example, instance, or illustration,” Any implementation described herein as exemplary is
not necessarily to be construed as preferred or advantageous over other implementations.
Furthermore, there is no intention to be bound by any expressed or implied theory
presented in the preceding technical field, background, brief summary or the following
detailed description,
10012] Certain ferminology may be used in the following description for the purpose
of reference only, and thus are not intended to be limiting. For example, terms such as
“upper”, “lower”, “above”, and “below” refer to directions in the drawings to which
reference is made. Terms such as “front”, “back”, “rear”, “side”, “outboard”, and
“inboard” may be used to describe the orientation and/or location of a feature or element
within a consistent but arbitrary frame of reference which is made clear by reference to
the text and the associated drawings describing the component under discussion. Such
terminology may include the words specifically mentioned above, derivatives thereof, and
words of similar import,
[0813] Techniques and technologies described herein may be utilized to fabricate
MOS transistor devices, including NMOS transistor devices, PMOS transistor devices,
and NMOS/PMOS device combinations referred to as CMOS devices. Although the term
“MOS device” properly refers to a device having a metal gate electrode and an oxide gate
insulator, that term will be used throughout to refer to any semiconductor device that
includes a conductive gate electrode (whether metal or other conductive material) that is
positioned over or around a gate insulator (whether oxide or other insulator) which, in
turn, is positioned over a semiconductor region or regions, or around the same as in the

case of FinFET devices, Various steps in the manufacture of MOS components and

Ll



100121Certain term nol ogy may be used in the follow ng description for the
pur pose of reference only, and thus are not intended to be limting. For

exanple, terns such as "upper", "lower", "above", and "below' refer to
directions in the drawings to which reference is nmade. Terns such as
"front", "back", "rear", "side", "outboard", and "inboard" may be used to

describe the orientation and/or |location of a feature or elenment within a
consistent but arbitrary frame of reference which is made cl ear by
reference to the text and the associated draw ngs describing the conponent

under di SCUSSI OMEETSS Kvell RYoh: ALY s@,g&’thmerésmlblwédﬁf ‘nlat?y We%né@@;gs'v;lfl cally
nment i oned above deri Vat‘Jn ﬁ’bt her eof ., and S simlar 1nport.

100131Techni qud¥ SAE" o8 Yregsor éf’éléli,"'r“i“lb‘é?ﬂ EWé?lér"Hh%@rmb%ﬂa}bq Villzed to
fabri cate MOS kpempbstaktaie\isoed herk, m}celtuﬁhl“ng}?mmertslbamwf&h@irdedeew ces, PMOS
transi stor devj;ges M, s referred to as CMOS
devi ces. Althougﬁ nﬁ%dwm m ﬂﬁsammﬂuem )(%a ﬂ%gres(e EEr’ﬁ""(‘%lés\n ce having
a metal gate eleleeageorsfd- aﬁfﬁﬂ”é%ﬁ@@ aghfpé“nnqu!wim ohere bt top enfimews | | be used
t hroughout t o0 welifagihe R veMdl SRS ARCIELID, (BB VdIGEs (B lnd WGk “tg%ﬁte’amcpnducu ve
gate el ectrode‘ X%M’hgq] m;t al or other conductlve material) that is

posi tioned ovelP5re%, Fife)a gate insul ator (whether oxide or other

i nsul at or) whi[@éH4] i nAtthough thé ﬁaqnascmﬁngcmeeks aaé&rbeahas@&ﬁh@@m%@dtt@érezﬁ@gi on or

regi ons, or ar t ase FET devi ces. Various st eps
in the manuf acf?lﬁérﬁge%? ¢ e‘ﬁces ILnr?anlll E‘ﬁ%‘cﬁ 100 “ﬁtﬁ'E“’r‘E SURe 8 LEM NN and so, in
the interest of-isplaipr SOD Swimwe e ercicerhefistaapdiamied Whahlk be nenti oned
briefly herei Refibondhididr sierTLleb&d. SMdrdElik wel |~ known
process det aI|ES: (f&]s rsd tr1ere the t err§1t Xﬂo@&‘é&scﬁ%&s{%‘gbs@%natﬁ]}g nned

devi ces wher e SHHFSP ‘t‘%‘%‘?“i@@%“ (MI“P%‘“@F‘“% ?Pétf’f“i) nEregprmpnEppigeshiced by gate

vol t ages (al s@inFBDRmARY od@btblt @m@aﬁ@cto@nbstrﬁku @;hp@ﬁta@fm RERISEIpyand to finned

"0 denced by EaraBrHEEE S FEG R RalR s eed Pyt B ¥ eillio gacor
devices). [00 Ed!@)ﬁzpttlhmei@ml thhigs whmlfeatmmﬁnamugd mrthmaaes suless mfthefih(sher e can be
utilized to creatser, ;ebé:@&?g'e R Gend Pﬁl’ia?ge Q%g ﬁ%?o \'f’etgirﬂleadesb red Fn ﬁel I} conduct or

substrate or a sem conduct oron-insu é} ate n practical
benefits are &BtAEH5! WRWAA Junmygrfe slarkdiomend Owbwﬂmf@sa@rf@s anked.

Theref ore, t heidéwalllsputnge dﬂﬁ&ﬁdﬂlﬂfeld&ﬂm§gﬁ&§@§ Qﬁs&ropiUEtkhil%%@pQé?@dUCt or
i npl ement ati on common approach to Fi nFET

mtin onte
formation on gerE’uIPek url%qu #ﬁ‘zﬂfétf%%“@ f)“é‘i"i‘yag"‘? Sﬁﬂﬁngﬁ‘gevé?llﬂmﬁer%tch fol | oned by
a trench fill Unfyrtetaefy, ivkearbe diffivelt toraehfie,VhGBStfc@Mhb]@hieaa’n& cdneistem@ ercliiigoon t he fin
etch) are fil Lgd Wil Rl bseguent |y planarized
to the upper sur%‘lac§;eg‘1t0ft ﬁldq%sﬁd(cgr)g %%'ﬁé¢eq% ?IISIPg%g%%r%gﬂgrse fornmed in the
pl anari zed di Epgtes Prbichas f?'é\?é%ﬂ angl ger ﬂ'esﬁﬂh@ddlfctonﬁM| Pietfabrigagion mogsit e- | ast

approach, a dudeRbe@icy @H@s‘sks tlu§sﬁ‘oﬁédm% RUENNibRDagpREck N aRLGE of | NS, and
sidewal | spacers are for gate stack. Ani sotropl c etchi ng

steps are per ‘B?Wecﬂffﬂf%’gs‘fi Hfs%ﬁﬁ?‘? %‘g’ﬁ%ﬁ"@?e vhigh @iy mgEreitemack and

si dewal | spacmdsehahlaéto}rmmah@ﬁoynanmt ofCteoe denetlisf Nbigwly, khetriat saght eve uni form
reliable, and i t he spacers,
due to the th’rmglg51 |f§r#%§£?r81ﬁté 'ﬁlﬁ lﬁ%ém(% tﬁ?%aggycftggr{‘%‘?éé%ﬁﬂ’i?@ X¥e formed up
and over the desribebiablireticymractsnean be Fasly ihmried mtol caitinposes Sowalar i bed bel ow

addr esses thi §ul§@9{y{n€@ t@gst%prgagﬁlventl onal approaches by form ng a dummy
gate stack and sid acers on a flat surface, which results in nore

uni form and r & ébl 5“& 3ﬁ5ﬁ?§ Vi ﬁ@ss‘ﬁ‘?if‘?f’éiqnéﬁpdfewﬁ Heigbustatemémed. Not abl vy,

the flat surfaé&ofdtir c&hbt}/stifu&hﬂe @Mﬁm%iéﬂfﬂa@ﬂ}ﬁocﬁ&smﬁﬂr@ﬁﬁ\gQnﬂg; the dielectric
fill materi al fabrﬁ\:ggon Oceg ; c fa qﬂtl on L[)rocess can be easily
integrated into exlstin %e?)egégge‘ 8%%"“1“3&? alff“?“f Futiysighle Payse §at e- | ast
appr oach. 100@!@1}%@8@ @H%eiawwdmldm.s cuasSFigsBETlsi anahbamtknt Fghisvi ews t hat
illustrate a n t ! u | ary process
for fabri cat|{ffa1!g);rr&|@[?Cq p%%%fﬁ?y %#ﬁgg ?Ogﬁ\{'%%ga(@%é#resu%‘cgrgfgmat > Por dwefrTF’)11 enment ati on
of a method tHAheiwdse Sepiriagsiasemiggndypies matgrizha Prgferred ambodigrerfty Waedntserm conduct or
devi ces, such as Fi nFETs. An enbodi nent of this fabrication process my
begin by provi ding an appropriate subgtrate that is formed from or

ot herwi se conprises a sem conductor nmaterial. Preferred enbodi nents begin
with an



appropriate bul k substrate of sem conductor material, i.e., a bulk

sem conductor substrate. In other enbodi ments, the substrate is realized as
an 801 substrate that includes a support |ayer, a |layer of insulation
material overlying or residing on the support |ayer, and a | ayer of

sem conductor material overlying or residing on the layer of insulation
material. The sem conductor material is preferably a silicon material as
typically used in the sem conductor industry, e.g., relatively pure silicon
as well as silicon adm xed with other el enents such as germani um carbon,

and the like. éyp;o@flmgmmwmm@m%mh&&%%gﬁap{ e, TBLR Sdnfilon ré?lgst.ger mani um

gal I'i um arsenlﬁl or the he sem conductGr material need not be
doped, al t houg Sther qppRpdigianty, die gubsaiss reglizadisen SQEsubsimt et inlydgsresupiontP- t y pe,
Wi t hout i npact iayxg, atiher m’ﬂulflt&ﬁﬁﬂdfehﬂgvdalﬁzﬂgBISrSSMja%S&qrt}'leQ%ohﬁ?@ anEQrayﬁxa”pl €,

bulk silicon s t n. provi

substrat es, ﬂlg%lf&'d?ﬁ rmaéngmc’fel ng yrrf%mgr&ﬁ“g]?fﬂﬁ’ﬁ H}SXW?E‘F?%H! T:‘Bul d be used
for the enbodlwwn@e*stmét@eﬂs breferably @kiliouraseal at ygicgienied origkuct or nateri al
can be subsequgridyiueensd. n, [ r;rggn r.to f.or ti ve regi ons
in a manner that C| suwell a%g?sf%m%ygﬂgesﬁg “%S'l&madm ‘%1 " conduct or
manuf act ur i ng TEEHREH) s PO BHom andthe Fkey Aéﬁ%@?ﬁ‘&éhﬁtﬁﬁ@nmdumrew of a

sem conduct or destiaCen $¢ gd&ﬁianﬁ gallmﬁars%fuﬂ@ or H8MeC PRAYG Mdudidrhaghiuct ures 102,
104 have been sem conductor material 106. FIG 2
represents a vnlfe%[ rr$ ‘Imp ?@@%ﬁu@%ﬁ?&% I&?ﬂﬁ%?lf’p%%sé?@é@ﬁpﬁﬁr bYehe that is
per pendi cul ar \tfféwtlthlepdcmgghetrnmiuﬁatadlrmgp&mss)ﬂesctrmed l&eerriremdmé, Bilk §iligdn St ruct ur es

102, toa- e ool ool 20gL kil Atk PXRS Ll G, aonduEL 0 1

structures 102, 104 runs into an 2 appears.
(00171For t hi SYReSEHERSor a1se ionkhie, usadtier tﬂl%@yé’pdlmﬁnté@mb@@mmafor mat eri al

106 was i ni tlcﬂﬂ:rh@(thﬁﬁ@ﬂto@l&dtotiﬂat&rﬂe 88 SbQbuduPihk i§ 8§69 substrate
108. AIthough apy in st Eaucturets'}u co)ﬁ d ]e crpgapg%%ﬁﬁeé 2 depicts

an exenplary fin & F‘#’é’fﬁﬁ@ﬁ’@sﬁ? Y’FREF”%EIW?H&%def%d%ﬁ?séﬁﬁﬂi&&W@T fin structures
102, 104. The ssreiindonatuetdictfhntedhiquat ures 102, 104 can be fornmed fromthe
Iayer of sem ct Usi nber. of kno ocess steps
and techni queqmgﬁe fs’l{?cgﬁta%¥ohsaslgct$9a§v1ew Opegﬁ ?J&?tﬁrdg“&epsﬁifculr%mﬁﬁéﬁes to form
a patterned etEPodugor g siricires i H?éhla‘@yoefrn f@ﬁ“eéé‘mn@@mdlﬂﬁiemlcomtterrl al 106,
typically a pataterines MarthepBoks a ARHEATH:SErspebie o ﬁa%’ﬂt&%@t%g% mgaterial 106

i's ani sotropi cal {:Fz(f Ehed gm ngi the patterned etc ine the
seni conduct or “FATHPYGHGFE P fhedweiiginal ai‘EF@fﬂ’lePe"?‘P@d%fFE‘waﬂ'iehlqzh’ioékness is too
thin for creaticondiigly, thctidngirdapiuyesdi the sdnlidbnddchefin dnawes metilopdss fRr creating

spacers can bg nner that spacers corrposed of nitride or
ot her etch- res?ﬁ@g%]‘itﬁeﬂja%eon ?cﬂgg%ga e pattern and hard mask for fin

creation. | n #9¢Tr daiee thisikeniplanesmtaiimentghblogk nemsondudie nherid 10msdk mat eri al
remains on thmtunszi%lnuédngmémGmm%kﬂicomé&f Ll raf&fb% Alﬁ'i‘ouél{" § regard, each
u

sem conductor fin structure 102 des a“fi'n 110 formed
from the | ayePUtier SdimisEenigco s berpier.iFLG. 2xogicts arriempliva fivarmassknentap 112

overlying thethﬁﬂmx:l&dl:@twoIsé}m&dﬁﬂi&to@ﬂbﬁﬁbtﬁﬁm@;ldElO\Fﬁ‘ch%rﬁpco&E'&or@iﬁrd mask caps 112

are renoved f 1 hi t he sem conductor material 106
to formthe sget%wtg%ngouci arf]b %Orglf’ﬁs ﬁ?f?ﬁ?g@%erf semicppdiictorypateridbliop utitee i s avoi ded

entirely. 10048 whba O(:lrrean pragpst deps dnid meshridu@s. @daeudhar;eabd @fpigem conduct or

material 106 pRY:LH ate jan to.create
i sol ation treﬂ%he]slg 1&19?%%%%.&8%& g%ﬁﬁggﬁt i oroveéiﬁlbéﬁ?ﬁeéoi% Al t hough

not shown in FEMEonductor meerjabiog, txpierdy ppatipined haéf m%bs"fheresfak dtei on trench 114 can

be defi ned w stehnoan(ﬁlbtdﬁt\ﬁﬁérlal Q)% 1stah§0t%§m]8/%&qé{ﬁ}sﬂé thg%t@}rnh@étch]n%@k t(oand the right
side of the réehtm)st simlarly defined). As is

wel | under st 084" PHE™M! %"8 “étf’f %’lf"t“?“é’??c‘l%s‘ 0‘11’&“‘59@“‘%‘?%&% egess i tegbidrmodat e

i sol ati on mat r éredtiod byrl:qmgrapm&ﬁ@ct@fthenrkammetmgs rdﬁerez&mmpﬁ&&%lr%eor fin
structures 102, ;4044 ot her . .. ngl e isolation trenches
114 are | oca?%ﬁ l%gt %@%%ﬁg‘qhggﬁcm e Osecf(ﬁ{é‘qg%% gtB‘?‘iaiﬁ]&feB'Fta"fti“ﬁteg?lr uct ures
102, 104. 100E9Eghe l@é@‘éa@fhaﬁdlmadsfbr @tqr@noraridaqcbramdz yith dettdm 2 shows an
enbodi nent where the
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isolation trenches 114 are forned at a single and consistent depth. In
practice, however, dual-depth or multiple-depth isolation trenches could be
fabricated if so desired. In this regard, a nmultiple-depth approach may be
considered when formng relatively high aspect ratio trenches. For exanple,
a dual -dept h approach could be used to forma relatively shallow isolation
trench between the two sem conductor fin structures 102, 104, and to form
relatively deep isolation trenches outboard the two sem conductor fin
structures 102, 104. The renmi ni ng manufacturing process steps described

bel ow can be p@{bﬁéﬂh@'ﬁﬁth@ﬂh@l Haﬁ%[eﬁ@lrrérﬁ:’én% oHQ\g'uIldeﬁﬁltlé s@rﬂ:cbrtdué?&%%qm to
th, d -dept h, _or e-dep i sol ation trenches.

accommodat e S|1§ﬂ @ ep . IQ%E

100201As ment i Qe MibiGE €3 ée‘W°§ C’(S’é@dSt%“étH‘Fé dict 5'@ %ié‘@lf“%?éaf‘%lbrl cation
process coul d Ibefqmse;tﬁdmhcsuambfee:ﬁicmﬂedorda\a1@1686 ani sardHk @pbst rate (rat her
than a bulk s c nb dlne r ocess begin by
provi di ng an %%%ﬁ t%ﬁf%ﬂrnait1 2 g?/rpene%bogwems Dwelé’ erstgﬁa@d%%ca?oﬂgéﬁt eri al
overlying an i'fstcdhiron the fyseir0 af&ﬁn‘gn&:tbfrwewpmctgﬁtaimaﬁemfhﬁﬁ gues, thd he |ayer of

sem conduct or sgRkHIL@: fh SRl eeh, 10 defd NG PRRided efRL,E sem conductor fin
structures overlyjng.the insulator [ayer. In contrast to the bul k

i npl ement at i or{mﬁégcr PREFTRHRA RS ﬁ‘Fqu’rﬁ’Pll%ﬁ of periqopdiictp igisrigh! 06 opy dighst r at e
i nherently resbaletrcmedumtableo,ﬁraeatah@mo@feanesseiaednlt@ﬁbhae[tlmem tulke fins due to the

presence of i n net hel e ues and

met hodol ogi es%%lélg(%:nfiii Org%ﬁtrﬁ?glv(\jﬁcan oggh rINFShB%" ‘"s"i‘f&sl e %58& cgé C}g’E’Fﬁ conduct or
devi ce struct usoitipreivaneigl I cande defmbrblitif 7 ddrwalhof 3@ sersivdngtaraimeteridd 00211 Thi s
enbodi ment of (faen.FBRUIRGEMS iAdnddy | i sol ation
trenches 114 V(VI th eg% [ nsultat |1ér§lg orgre:tg)ga?i?g &%FM%‘S% P%ia'fclid Jehﬁetﬁg '%SESE state of

t he seni conducteBrndsesippe dhedvlatiniispehes bd resfentas tO@emﬁmeqaieowla@@n ®¥eiabr mor e

process steps f‘or/ﬁhrpbshk&”lrﬁﬁlhtﬂ{g tﬂeﬂetﬁlh@xdﬁ@cblﬁh@tﬂlctu% 10, 0R8&Hond BESOl ation
trenches 114 have | et el overfilled with the insul ating

material 120 cordm %1%'5‘58 Py é%owfa'iei‘f‘??te&éeﬁ LY SUETHAL P the i nsul ating
material 120 h@nst&‘adné@mr obtiustoes [Q@r 108t her wi se pl anarized to create a flat
surface 122 f gyt hepg \ l I [ t he upper
surfaces of the hlard @a@ﬁéﬂég%fganbﬁ‘%H ﬁhly’:ﬁgn?%\% ‘ﬁemﬁ &PQ |ent§£nrepresents
the flat surf aeBtopgmEnchgiidpreifmedaie singloans comsistentideash. elxp@st@@l hsm‘fferace of the

deposited ins uha%tldeﬁlgorrmlt@reld@ﬂ:th &a@ucﬁrﬂx@n&&Qo@& Qé)ﬁﬁféatbmpﬁnr destidlif @@fs of the
ts, the insulating materi al

hard mask caps é‘aat li],f 35 certain enb

120 is an oxi Q& et BYTRY eP‘it}éthr‘?%h By %?ﬁﬁ‘é‘ﬂdeﬁgﬁaf’é’lf?r@éf‘gd?}@'t”ﬁwlﬁbasﬁ’??é

sem conduct or rdtip rershesuEeruramle] HDial-dePth apiFroael caldi hed kofomma mabelyi al

deposi t1on teghp mgaam.mcﬁ%gg%g@ﬂ&% s PR BEROFL AN 8 TYDhy ¢, OV Pressure
chem cal vapor deposit mI enhanced chem &4 vapor

deposi tion (PECYDyativethéeep ﬁ@lﬂqﬂétﬂle%esrmtbeafﬂ ﬁlle t%@@ﬂlcgldm@smrtenﬁresu@h that it

fill's the spa¢e. @qb REBNIgy Fn@n%ﬁn%r%@@te&sm%sé@wbQBQQHPJeQErerh& @hh uctures
102, 104 (i.e t he |s§l ation trenches hi s exanpl e) and covers the

hard mask capg‘spi"fﬂate PREH@HM (Epeededhig aqepymodapsiuglenionty dugl-depdly @at ed from t he
deposited i nsmhabﬁemgatmmlﬁroh&bncﬂe’éo I'n particul ar enbodi ments, the deposited

i nsul ating ma al anar u a_cheni cal

mechani cal pofalﬁ%(hl ng%tr%eg lone O‘éeucﬁé'tgﬂos fsteﬁ%mhdgft&rd%ﬂ Elr}gbé‘ei‘ﬂ'é’“ ¥ %5erve as a
pol i sh stgp ![ mg@?ﬁm&ﬁo @;M@q@gig:qtlbsyon arfﬁ)Irsd?KtQGra%grﬂuﬁmiuﬂumﬁsam? 122 Coria
corresponds t g hatdhbbdBe X ROSE ing materia
120 and the exrfosed uppeer su? aéilg?{o glﬁb%rﬂ ggzgl gt t“:t%cigéz{ﬂlOOZBlFor an
SOL enbodi rrenlayeff’ﬁ%mwﬂ%daftaftw?@alrﬁdﬁréfmgan "télalﬁoréwet |Uswécmmgmai ed between and

adj acent to tfe&quliﬂSthalﬁﬂerbeeiﬁlQ&fdh&& iR ét&@@totd@ﬁﬁe%éﬂrﬂqofd at surface in
t he manner descr utln structure be simlar to that

shown in FI G >3] Ico'P‘fﬁm é"rs\(m?tli’{%s "Ffiyd]gélﬁ 'y ??éllaé‘?rl QPOW?*FO tP“e@‘i“ije overlying the
i nsul at or | ayemwlefrentgfion desciihed klede, Gocinglan e Mpmah SOhabhod 1r$hrbﬁlyl‘ ate rat her

than the bul kreﬁﬁmn‘}@éﬁj&jﬁ&%1SEF1E0%&% edn tﬂeofgugﬁ(%altg }llf'ea‘ t%srelnce 138atmg%ur9:§ I's being

fabricated, it may esira renove t



mask caps 112 prior to the planarizing step, |eaving the upper surfaces of
the fins HO unprotected. For that scenario, the insulating nmaterial 120
will be polished such that its exposed surface is continuous with the
exposed upper surfaces of the fins 110. Alternatively, if the hard mask
caps 112 are present at the tinme of this planarization step, then

pl anarizing the insulating material 120 could be perforned such that it
results in the renoval of the hard nask caps 112 at this tine. If the hard
mask caps 112 are renoved in this manner, then the desired flat surface

woul d corr espeRge, tr@on@eaaas ttmec@mam% RebbGhed déwaeéts&mpéan Ethﬁ,e ug@éul ating
mat eri al and the exposed per surfaces of the fins i yet ot her

enbodi nent s, t‘P‘l@c"}ﬁrﬂderﬁ‘ﬁ%‘wu‘ﬁ‘aﬁ%"‘@f?uC&V@aF‘éﬁﬁ‘%ﬁéﬂh%ﬁ%Wéobﬁqﬁﬁ‘fatepm nt during
t he repl acenentozyat eTkps‘@ﬂ:e&iUlbl&ofthQﬁiaﬁﬂaNQﬁ@mrc)éessE(hﬁnlfekB)tﬁiﬁﬁ,gft[ﬁeace 122 is

utilized for I ne ced te structure
transversely gsv%kg t?éﬁ(gle% ﬂe seraﬁl l(r:’gurila Uet'd ?”a Hﬁ g{%'é%ptﬁtsg °SEFP ™804, The
repl acenment gatrecqydsts denics strusturelOploriiveamalketidniif snetor merepmctsakeps.ativant age of
the flat surfageoddi thé’\(%rfcg’cwﬁ@%pés?%e 1s‘3’aﬁcﬁmeﬁch@snlq4 HWefb%% %rﬁ}l&m ng of

materials useq to fabrjicate a dumy gat tructure and associated sidewal |
spacers. |n t K and gurtifled pritge m&”'ﬁ‘“&é‘ﬁ‘?‘t‘?ﬂ I%OH@“ steapls. Wyfdegopiiond.a@pd conduct or

devi ce struct uieqhétle ﬂﬁflﬂsﬂﬁtlr@@ﬁ’&] 18 DS @;en Bd1Bhe@ br SR RisPIINERIFtoST EPS. Mre

specifically, FI.GS struct over | |ng the fl at
surface 122. ﬁ’le&eaﬂatsurg‘ce {Bﬁ{“mt WD i Slg %Jd?%‘ﬁ%a@weaa Structure
100c, FI G 5 pwfagesof bsbudwokicandl2. Vi BG. hﬁhetdh@ecsleme(pmsmimftemat stieack ce
structure 100625k £UGHIdOH hOEoaePsuttkelt & idbosi @Dl mBels? 2
Cross-secti onal vi ew of e sem conductor device structure 100c as vi ewed
fromline 6-6 ! F4pneiheexpgsed ppjes sugfagsoefi thachard mesk eapel ldummy gate structure 130

incl udes a dupepzjgatie cddi eﬂaﬁﬁhlaﬂen@UWSLﬂ%@iﬁgﬁa%@na@mrﬂ 3 AQe ey gate 132.
As shown in F structure 130 is fabricated

such that it %%‘ﬁtsdve%‘%sg%ﬁF Veéw&“i‘e S&’gw?fﬁggg%é t&‘BWEFE:&‘?zoI‘Mf”Flﬁg rflUePYt es 102,
104. For t hi sme@aipépesitidnhechdgrasychgatiemibliveot UHpesxtﬂn’anvs) wﬁﬁ@@mal |y
oriented rel agy t he .sen co tor fin
structures 10%%}{]%82%&{@%20%?%%@%# plag%ae&h i ?szzcthﬁnrmaﬁﬁpﬁr é%gos(%lﬁe fabricated
usi ng convent (FGRYP)-pFsdsslatinegnagpal 130 Hemgtembﬁlﬂm fily dypomrAce adgragnt to

phot ol i t hogr am)betwaamdheeste&nbmctodﬂ& s£r!iBu§esr1é?9%43be tﬁ&&dlé‘ﬁ%ﬁ lr%he@fmt he dumy
gate structure, 130 n%é‘}fj g %f ormng at | east one rer of dunmy gate
material overl %ﬁeﬁ@”p{l PEHYs By tardbpsk 5! 2Edherqafiprs th"eﬁféﬁ‘ﬁ age 12 e mat eri al
used for the demfrogabedep@Red 1Ssufaﬁrﬂgfmﬂerﬁi\/160| Mupagcmemf)ddaﬁenﬁuné ace 122, and
then the har dde’ﬁ@s?t@d 1%%'%% %%Iterli'é% mﬁ/pcfanarlzeg usulgm Fm@g 09661?1%215111?%[7&”30%! OVE,‘I’| yl ng

the dumy gate mate
pol ycryst al | i préistdng thel @i seft et thalhard amask ctusd 1 heervd anaishissidpendicator.i s typical ly a

nitride mater C@Jsquéntlﬁrlh&@quﬂg ﬁ?ftsﬁlfa'c@iﬂ odr nasﬁo}{&' 1§ &t ﬁgg@ &oft he dummy
gate mat eri al anket e osited on sem conduct or evice structure

are

in a confor ma?'e Ppélﬁfﬁg,lﬂswagigﬁ@teﬂ#d?O @‘Q&Wﬁ@s"dé&Wr Bt faten ef tbrstsianask ks t echni ques
menti oned preuvizously). 100271The hard mask | ayer is photolithographically
patterned to a.du mask, and he un t he dummy gate
material is aIL rgfﬁ Ca Igmabot%lérﬁgt the iy a“P%%‘atﬁ' Fag! F%%B%/B%s’etf”ﬁ%?t is
defined by th@dddjw tqytht énmd:themkplanihmd togfgrun atﬂanglrfﬁwmw gatner 130 i s

depi cted in FHpedinbve. %Qlllt%g stﬂmuﬁ LP@D oGt Fo Gl E}%WQ Ee’ Elowev gat €
material s can be control Iinare e manner ucé uni form

et chi ng, becalisBsuaae peiain) Widedde p3alying dic dsglatorasene. gf,hé'(!ﬂeé mltﬂﬂ’dwr)lzz I'n

ot her words, dflﬂesmﬁdbbtfwératdérrﬁ}ﬁﬁlaie@mk@B‘ml&h&cgumlagate materials is

lati vel ' t ant the flat surf 122, whi ch
L B SO B S bR e st bl e, 221 P

vertical direudskcups 1 200284 Meprnartzing steli) emingg Bl @p&tsirdeéswr @e 30 1has been
created, the PRPBEESE FIP¥at scenario, the insulating material 120 will be polished such that its

exposed sutface is continuous with the exposed upper surfaces of the fins 110.



continue by form ng spacers adjacent the sidewalls of the dummy gate
structure 130. In this regard, FIGS. 7-9 depict the state of the

sem conductor device structure 100d after the formati on of the spacers 140.
FIG 7 is a top view of the sem conductor device structure 100d, FIG 8 is
a cross-sectional view of the sem conductor device structure 100d as vi ewed
fromline 8-8 in FIG 7, and FIG 9 is a cross-sectional view of the

sem conduct or device structure 100d as viewed fromline 9-9 in FIG 7. As
shown in FIG 7 and FIG 9, the spacers 140 are fornmed adjacent to and on

the sidewal |'s Abdiaelyl PO ALTMHskQR] ] | AL MESLMENd BRe of%QP;ﬁa%TzQ{‘r‘on%{%E‘CGr s 140

can be fabrlca ediusln conventi onal rocess steps such as nate
deposi tion, phBTAFEHEGMgIRYtE Fateat! dH geyid be He‘"fofﬁl@ syt gresupingiet i on of t he

sEacgrs 140 rraymd))@g]ﬂthebyid(iﬂﬂfo@[ism dtyhiORRO $f thd Hagh :ﬁmﬁ&@&ﬁl@a{é&énﬂfvbﬁh overlying
t he dummy gat acer . nateri n riate

i nsul at or, su?ﬂéas%gllt Iz:t(})l?]g’%%d-cr?atsur%g P‘i‘l%%gﬁm?‘i’o?cftf’a%tﬁthﬁﬁ’ﬁ’o{)ﬁggglﬁfﬂcer

mat eri al can berfageplohkd 1tlfeléiitmm‘ﬂaielkmme rrEnsd uptey surfh@s ofebedimpl @, Iateoni ¢ | ayer
deposi tion (Alder erkDéRmehE N Rard SEM 2 RUMPSONEL L& fdeposi tion
(SACVD), or PECVlIrI)[ Th:anespaceﬁu mat eCﬁ%a ?s é)pos?lﬁa) ?Oﬁajp()l\éﬁﬁ'm&%(tness so that,
after ani sot r JHECBIERGRIOCH e spacers 140 have a thickness that is

appropri ate f qoezshe Nublsﬁwelﬁﬁsunﬁcelmngut&&éﬂﬁ& gt hde teQﬁchWre to
100301Ther eaf ter, eri ani s and sel ectively

at(l, strucpuret ransver oV, ﬁ\/ tg e IQJurtolgfl R
etched to define tHe Spacers iﬁ PR P ARt mEaneuty “SSH%F& ¥ 'Hat®ial can be
et ched by, forThewalﬁwlnentgateaqumelsmmﬁ)rmcuammm(e% B)e adsdnnge & tieliat abl e et chi ng
chem stry. Notgahly lZZ%ﬁ:&%&b@eg're@laEﬁé &Q'uﬁ\%n%?fetcﬁk' %@9%% uiB z{blnaalte can be
controlled in a reliable manner to ce unitorm et chi n Because the
dummy gate 13(51”‘3%%%%%'“%‘brﬁé@rasﬁ?ﬁﬁtéfﬁlckwalf wegetpe & thin razird, Pﬁ@&ﬁ 6gigpiftace 122,

whi ch facil it aleatiteat G Eedti@nd@i@r AcE Qﬂh&hi@nﬂ@@h&(@&hﬁet%h 61UnB6: thde t he verti cal
been created, this exenplary

di rection. 100311At\fte Q@ ﬁ;@ /]440 have

process conti RUES: B ‘Fﬁ?eﬁﬁ‘ SUTEEArshr Y QLR §aES g H@%"é‘ﬁﬁ“&onduct or
devi ce struct tredlat Sifge 120 Fahd i 16 viddoflizpiicotdi@orsiedteairaduré fvec,sem conduct or
devi ce struct t f f .the drain cavities 150.
FIG 10 is a ?([)(g S\J??agc\?\?sg%etcg ngi %@ﬁfg‘on dé(:té(;urcg)(rjgwcce:gmsc urucé Gt & “_’(9(510e and FI G
11 is a crossfeBNF &A il FIG; erddiG tize Sesnbestimdnitvort ttsvhicedstar dofear e 100e as
viewed from | k@eutd l'ObclaslvféwEd fom 3 6-6lih FROQUI; éa@oo@eagﬁt%ﬁeh@&mnfio%@t the

cross-sectional vi ew %]ee sem conduct or, device structure e taken

| ongi t udi nal | "W d%H‘Clt” 8 2 QU A AE e ani SGuRY canslB i prerigippBadum® shown i n
FIG 5. [0032&&%}9’5286@1@?@@116111‘361’14sﬂﬁil?i(iBeﬁecﬂiﬁl&y%ﬁtestf@fuféﬂdo l@yabﬁ@&uentially or
concurrently | ortio 0, aps 112, the
fins 110, an d?l%cﬁgfat:]gtéaﬁ {sggg\%l%%thp semllcoicglﬁto&fgn sﬁrﬁgf‘urasglé)? lggsl ~ For reasons
that will becé’ﬁﬁlpﬁﬁb‘a‘iwglatalstewturetlﬁ@lsgnmg@llﬂpmmdmmmes 150 are etched
such that no loﬂ%hﬁailaiagomsﬁrnhcahduét&%nsﬁ 0S09v6)! ying the sem conductor
material 106 @ qt g’ottom of the source/ o'iral n cavities 150. This option
woul d be typi E3#ly Jdoedummy sasisirites 138 sandietbrissias usismeangestionel msesr enches

bet ween fins, Stl’lphlsﬂcﬁ adlﬂﬁﬁ&rdepﬁﬁioﬁ,tph&ﬂltmt&b@ SRPAhAL enidideMigual devi ces.
Such a sour cef i taxi al processes

Vi re controlled e
(seeding on p aarrilcﬁrm"aoﬁg‘ Ay rﬁqu éal?eﬁsgf'cfgff L’% ng?ﬁ”é'i’}ﬁp%w %BE%P%I YeUét t er
coupling of t ennet gategwpteripfvivelying shedlatisdiele b32. tFhethis piaivpki thd ma@tabuwstddl grown in
the cavity, Wil 134 and the
spacers 140 m;)y eﬁﬂ@;{l)ld%x& lgg13%}1%1151{1&]?1'1)/11%(%%yuﬁfgéeﬂlgzd%gmn tﬁq{e%rdcr?aé%tl on of the
sour ce/ dr ai n R PSé%foweduwx Hp lifHs heredohelung tfapipmmpgatramgtxyl paet erned etch

mask material iy g@ieSﬁteﬂ@ :uﬂﬁ@hn} dewc%@%e Ql%ﬁ RaRriflaR@Fe R il 1 NSUl ating
mat erial 120 or this enbodi nent, the sides of

t he source/ dr‘gk{ﬁ“aggv“ pfcf‘]évsa “itﬁﬁf’ gﬁt"é’akfgf’i‘?l"é‘ﬁ meriple 4 Ypjeal G‘PbOFW@“‘F f&ul ati ng

mat eri al 120 duveity gmmetepalmxemhr&d doyosiaed of the BenfTembuctbd Bdving sthudRred £hi Ng st eps
(see FIG 10)..,Ag4 he SQLL rce/drain cavities 150 are
ani sot r opi cal 1y etacﬁ%’% (ﬁ # Eﬁaxta%)ﬁeanys? Jsdg de’l’qs 101} EGHCSIFRINE i ce/ dr ai n
cavities 150 ®Mp%eusle)lf-aligned with the spacers 140. 100331The nmanufacturing
process may proceed by at least partially filling the

8



source/drain cavities 150 with sem conductor material. FIG 12 and FIG 13
depict the state of the sem conductor device structure 100f after the
source/drain cavities 150 have been filled with a sem conductor materi al
160. FIG 12 is a top view of the sem conductor device structure 100f, and
FIG 13 is a cross-sectional view of the sem conductor device structure
100f as viewed fromline 13-13 in FIG 12. It should be appreciated that

t he cross-sectional view of the sem conductor device structure 100f taken
| ongi tudi nally through the dummry gate 130 will still appear as shown in
FIG 5. 1003 S terial, a
stress i nduci ;}%Ehr:emﬁg@gg.g{}%g@%% A rtfﬁgt}og 38%&9%%¥rn%%0 %fn%% Ve Ee&ngodl rrent

t he seni condudtéMatkaindiheanderigios jhg dan@x %"éf’sléafq“ﬁ’dﬂ@llsﬁ@f’!’@élm%?ﬁm’f@ﬂf@r mat eri al

that is formediduyd ﬁ;ﬁol@&{?tﬂha\/ﬁHﬁneﬁbﬁtﬁé(d@ln{y)gaﬁ%@Wnﬁkg BneSbshkitOMmpased materi al
nsi stor devi ce, the

in the source/d ai,n For .an N

seni conduct or FSFW‘% %116}%!55& Tg‘gﬂjrjﬁ - BURHLRT B ‘“ﬁﬁﬁ@? fugmy G ERCEES 5 | con
carbon, or ancthe@comatlarin alelittianainaso produosusifotnedidhing Shecogesicamtmyy han si | i con.
In contrast, f Qt'é 18 @M:@o& &?ﬁh’?kﬁaﬁeﬁﬂe%ﬁ' ﬁ’l%l' W(;rg& h§9enac§loﬂgelﬂ&5 thﬂlat erial 160
is a semcondictor material, SUch 45 siTicon ger mani um or anot her materi al
that has a hi ghemy pae witprialsioRisHvelt unifprarnd ponstebeneryias the flapedrfaceiddier st ood,
such epi t axi alwhgh QWesirafle Gt Hevk hLQMategd &@fmnpé?lﬂgt%fc%fcmﬂ@ﬁ%{elvélnca:LOG present at
t he bottom of Clthe source/drain cavities 150. This is why all of the

i nsul ating mat"8F¥"8t 120 is renoved fromthe region of the sour ce/drain
cavities 150. mmslcerAmrrha@tmb;oglgmﬁ&urenr%asmﬁmmduﬁetmceﬂm’fagr| al 160 is an
hlogt S%?e??gFQOnnﬂhbgrfor mg s&cér%] %f’ acerlt lé'm%?‘w% Is ofqhoﬁg‘rgwéﬁaﬁe s;trrtll;[:t{lrgq%)\(;\ﬁdl InntSIotﬁ
doped si | i con Ureegard BIGSnEy dﬁ@tﬂwtﬁtﬁrz@de W@rcendwm‘nietihatmqﬂhelmw@r thal need not

be subjected tf&mhtﬁ)ﬂ of DAL AU. ONGl Pk a RIPVRASE e MnidlARIRBdevilOQ3adtt shoul d be
appreciated that the use of the stress inducing sem conductor naterial 160

is optional . A a’ﬂ aﬁ‘tSércwaSﬁe?i@na' pigw of 1hﬁ§em1°£n#uetarr#ewée Sasr H0gs or fully
exposed in t helewamﬂmemrsaa i FIGE ) A SIG. a6 cfosd-de@dRal (1o ioEMe defiddductst r €SS

i nduci ng) can r e/ dr al i s desired
to thicken thé Vfce Sﬂoucﬁjieofo&E a6t le% om“r’re"Feg9t QE“ Fgé) §Sth6‘ %é‘ég’%ﬂgfﬁ‘ guch
treatment is thgppacat 4P appderined arhasteltt@aﬂéom@as@waiﬂsel%oﬁhmmmgstbstance of the
fins 110 and tg@,.arc@pnodate the formation of source/drain contacts at the
ends of the fins 110. 100361lReferring again to FIG 12 and FIG 13, the
seni conduct or [4¥&ler i BF srrews U8 GItheri@ristinises avatrpigrocesyprr—sEdEs on (f or

source/drain d\@ﬁhaﬂ@époﬁﬁont ﬁﬂo&lx%bgﬁ&ah&fan@aclﬁlﬁs il 8 regﬁa raaRidARr mept i onal step,
the sem conduct or 160 c e.subj ect ed a silicidation process

to formthe sdurce ﬁng?’ hegglobﬁtcg'g?‘ {Jye%? osifine g ppager f“f“ﬁréa?o‘ﬁfli“&% S84 y, i on

i npl ant ati on aa’ﬁdsftmctursﬂm dihel gtaeco matedal lischn bigprqpesté osuled, suat @ silicupkidg t he
fabrication p 7 ed by formng
regi ons of di g&g%?;f?né;&@%?de& [ %ﬁcem& oaggah% h«%&:t?cgg(é?i&v E%Xmgf)%??m and FI G
15 depi ct t he®@mgiectasfic layrs depesiiand AHDL CHP, H&M%eensiaﬁmnh@n@hm@g after this

di el ectric matgei dbostisR(rashespetopned speF ér@iatellgi id ®p&iddQPa iR of the
sem conduct or devi %e structure 100 isS a cross-sectional view

of the semi coffdiitt?5F" QiR ioris e@‘i“%&%%"‘"&%&”ﬁ? “%)‘?I%*%H‘a‘f‘? PRiOPTROn5- 15 in
FIG 14. It sthoalbekghat apprecpateatibédtriowt he cross-sectional view of the
sem conduct or ! ¢ SUNE 554000 3E. a0l Wl pal kY dLhrguanh he durmy
fabrication p#ftﬁ@e%ls SPaWSeMD oinsaraytiqgrfb%&vemr wyerzpan bsetdud o fr ckamhle, spacers 140

have been Combﬁwgloyetf:ﬂullé (ﬁﬂi)‘ﬁ'ﬁlﬁé.'a stuna%lecytcﬁ’nggﬂefrﬁsﬁy nﬁotﬁw QI’IISOA‘J&C (for exanple,

by bl anket depaqsiti on) nd t he exposed surface” of the sem conductor device
structure 100ghHRet B‘ééﬁ?‘:"ﬁ&aiegﬂéﬂ“ Q&‘P"fﬁ“t"ﬁ“é‘rlw ehiabls R ag foAueflueentiepi cted i n
FI G 15. etching, because the dummy gate 130 and the spacer material resides on the flat surface

122, which facilitates accurate and uniform anisotropic etching in the vertical direction.



100381l n certain enbodi nents, the dielectric material 170 is an interl ayer
dielectric (ILD) material that is initially blanket deposited overlying the
sem conductor nmaterial 160, the dunmy gate structure 130, and the spacers
140 using a well known material deposition technique such as chem cal vapor
deposition (CVD), |ow pressure chem cal vapor deposition (LPCVD), or plasna
enhanced chem cal vapor deposition (PECVD). The dielectric material 170 is
deposited such that it fills the spaces adjacent to and outboard the
spacers 140 and such that it covers the spacers 140 and the dummy cap 134.
Thereafter, t po t ' using, for
exanpl e, a chgﬁgﬁggl ﬁg%ﬁgﬁ?dgglg ﬁ@gagegbﬁé-ﬁﬁ&e%a gils &ngplérzgﬁkéﬂ%ﬁ !”t%ﬁ% dumry cap
134 serves as AMHBISPEH/ERIBEViipdR BasarcondOBEY ThE ST Fikatl( 88 Fisk bbess” may
22 gceed by remepumgstahefmumwcog@aier&wwiwn@1doseﬁméelf@mgﬂ?\bgmglt7 hg spacer?]
intact or at ast [ i ntac a epict the
state of the é%“ﬁ%%&ﬁ‘h 1%{)16@?(:@‘%%/596&’?%? thelﬁﬁ‘l’fo?éft%] ‘J?’Yléensﬂ\‘}%‘fre of the dummy
gat e struct ur d0030d FF}. (Bl 183@@1qsssearohdplewwéﬂve gfnidohdcsedivconduet dtledevi ce
structure 100 3y Ch conduct or
devi ce struct B;;eg@&‘ ﬁl(())MEI %sli\j}l?éﬁ IOr g?'nﬁ {d?\oggédr&%%h et tﬁ%lvégsfs i%nwewbl
renoval of théf @&Fﬁ*ﬁ)cogthlﬁ*@r%@tf&cﬁﬁwwééo%%errlewpcﬂt@aiiwﬁlrw%thpéwmmat%f t he

dummy cap 134 16@s8In ffed: Bahowd inikgz. 8t 11 present at this tine) and the
removal of th i renoval of the dumy gate

32 ccor di ngl
structure 130?%09%05 eEl%ts?fgc#dlmé‘l °a§'ﬂ?5f13@%re S RY SRR C%"ﬁﬁff"ét:fys 140 (see
FIG 17). Thusichisgotpiosnsd pirtidak ef theitack mis bapc HPsthel iR 1 e dndsbeibdvbng of t he
i nsul ating na I r A |. dumy gate
structures 13%@6%?&%%@&%&%&5%6 F?'%g% ﬁ“ﬁé‘?ﬁé%g?% pggrﬁﬁxaépgr%em ated t hat
t he cross- sects‘i’ttﬁ??éira“\/qaéwsdﬁo trhetched prick tiaichadnsulating enalesial 180 remeinur e 100h t aken

l'ongi t udi nal | Mv@@ﬁ%@@eﬂ:&lﬁd&%ﬁ%&l 186t ik bdioARP@BEouRS/aRQWMids BsF| G 3.
1004011 n cert nts, ate structure 130 is renoved by

sequential |y %:h’s%tm WPY[gﬁT "IVS’/'CE‘é[Y 8'??[" H@OTJH@Q%WW]QB’ isponiffgchehe dummy gate
132 in a sel eobttivesa finmmhidy Jeeist BEmlon grodit sdphete dﬂﬁrldmﬁde\p@b nduch 4 he et chi ng

hem st d I f t hi t h h h that th
gp:g‘efsr 3]/_ 48‘na5%1?c%@g191 ggﬁze%q%%&ordgrrn?re co'n?r?lﬁei%a AL éaroces?es éste (ﬁ ég)%?agurz S(l;(r:ﬂ y e?che de

by an insigni ﬁﬁldcfhihftubﬁlﬁﬁmte)ral)@éme&ﬁv@iyrlvgteugmnlmghéthe pesst wWeidh mraupdbress,

etching of theduomi: kiadB) chbh iTBY cmy,%ﬂﬂttﬂe‘ale\h&%énﬁelsN%bl?%hetdhﬁmbard mask
caps 112 (if they are stil %resent at this tine) or at top of the fins

110. 100411TH® lﬁﬁﬂlﬁ‘ft%?ét’%f?'ﬁr‘u Y Sstan ax gyt ¢S pvederrshyuring s vierlyn 8one of t he

exposed i nsul afelsdngcem&irecramaés IMOAltheugdelBﬂsH@mi E@m@ﬁ@cély pakeed @htmaef the fins
110. FIG 18 and evi ce

I ct
structure 100|mat6”m y i ﬁogbehel g‘h?mtgﬁ‘t C?"%é‘ R %Ithﬁt”isﬁ&“wa et”?ﬂ?&i%g %s been
reduced. For tthiisg sprm thoc trisambabragnp ltie sideshod tha acrucbe/ldmkcaclaqssl 50 4r2dadificdt he

Serm conduct of uf o e ige HARra HWhn SRRDE RC RO dlRgly. the top

view of the sem conductor device struct urepl rese depi cted

in FIG 16 (bethitis¥ert e G JhtAsserispdin Figs 4l éhels?rﬁcefﬁé%'@?ﬂl"élles IfQ@fel s not

di sti ngui Shabhﬁsotrﬁpldﬁliﬁtc&@}uch @ thd sileSalls @ 85T e sbilr&e/draiBodvisie 56 k@S S- sect i onal
vi ew of the seg‘]aﬁr&g 8’? ewfg structure 100i as viewed fromline 18-18
f & 5

in FIG 16, aif Y Uss-sectional view of the semi conduct or
devi ce struct M@!lomhe a:snu\facerwmjp:éqmmab/ipmeeedey a Qeast parkthl@.filllg theNot abl y, FI G

18 corresponds,,t.94 hr c ia . structure 104,
and FIG 19 corurcesém%g\%ésggba&lgle_sclylg{;)hr?ﬂg nga%glhit 9{}9'{'%%1“ (té'r}i’gd’ndtﬁct or fin
struct ure 102statEefrthasppisonspdierdieviesrstructige B)ééaﬁeothe togice/draimdprdidse hi0 Heve t he

seni conduct or bdeh NIt GhétiCondQbr ARLHA 1 &L Fid.QD slaakeR.Petieen the

sem conductor fin structures 102, 104 woul d al so appear as shown in FIG
19. semiconductor device structure T00f, and FIG. [3 is a cross-sectional view of the

semiconductor device structure 100f as viewed from line 13-13 in FIG. 12. It should be
appreciated that the cross-sectional view of the semiconductor device structure 100f taken

tongitudinally through the dummy gate 130 will still appear as shown in FIG. 5.
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1004211 f a tri-gate device is being fabricated, then the hard mask caps 112
may al so be renmoved at this time. In such enmbodinents, the top view of the
device structure at this point in the process would be simlar to that
shown in FIG 16, however, the fins 110 would be visible instead of the
hard mask caps 112. Likew se, the hard mask caps 112 woul d not appear in
FIG 18. 100431In certain enbodiments, the insulating material 120 is
partially renoved using a selective and anisotropic etching technique. In
this regard, the insulating material 120 is preferably etched using an

appropri ate et he t S ctive to the jnsul ati mat eri al
128 gnd such @EM? the&fﬁﬁn}é A8 ?5‘@%%@3??“5’( belafdmm‘t’ﬂaéer? éétéefssm@%@% the hard
mask caps 112, scalifandupier matfﬁsl (1r11®3 like nfgitiis dmbbdiatnt(tor sesdehiudthatatetillas® itens are

reserved wi t his@Btes iddheh S eRhdb AR @m%rhtfl% CRLNG) ool that the
gpacers 140 selﬁve assl ™ @I f-al |ugtn| ng;e] etch n ?(EJV\%Q%W %ep’ @ul ating

material 120 i%E°%8¢ ‘hijhcé‘hP%ﬁ?%‘?E&FWWW@WaWM@d& (ﬁoh@lw()@ he portion of

the insul ati ngransigt@rdcate, theﬁmtcbﬁductb&ndt@ﬁatseﬁi Aehiewdte ndffA, dgfined bet ween
the spacers 14Q.1s. tcorano{her manner. Moreover, the selective

etching of the insulating "éa}enﬁw'aigﬁ aq‘éweéﬁﬁlf"r‘i?f’ﬁtaé‘bl‘h%‘lfélﬁ‘”f Hat an isol ati ng
layer of the depess foedPMﬁs u#ramor@vmtﬂrerserabonfl@&r mewmdl N&) iover | yi ng the

e conduct of kedab mklu3th REHNRSInLOR SETLEPNRUE! 8L LI QuBlr uot ures

102, 104 (see FIG 18), This remaini I nsul 'sol ates the
seni conduct or 'fiigs Cg’fsfa&td}t'aﬂls‘é‘%oH& is V@ﬁ&“‘*‘ffsﬁm ovel eaﬁbt@lrgeqwth Q@@&&QMGS hown in

FIG 18 and Fls@mc&:ﬁuct@ﬁtﬁféﬁﬂgo&)ﬁ]es@ﬂ@; rﬁ@&ﬁbﬁbf?%gm/@r&h%nﬁezgsor @giyﬁes its
h ht h t hat r.tions e are expose

glrgt ru?iluﬁg f(r’j}‘ aHEﬁﬁe i S/grf'acﬁ?rﬁgﬁo f)‘B?"e‘é I’Fﬁ'&éﬁg‘fgeftﬁ?sot“l‘i‘“édr?‘ﬁsul ating
material 120 (Ch‘thSdﬁﬂmmcm&ombc@wnEItﬁ sefjcondkfi@ nzekiflabd Men gh ﬁhhl ng of the
insul ating matgfdialad2fin té&ﬁ&i@%ﬁanﬁ %rrgxgdﬁ%e(gﬁt% gs&%%ia}is hat %g;t the

sem conduct or device structure rring fo and 19,
this gate spad’@te’l@ZS grawi) geaxédly erpen Insitndopedelicomwatbrat mmgbermtladhab 120,

overlying the sumeis @Omated Med hidt Be §Mf§1{g{$@q&t$mai%1ﬂégﬁ%udrerl ;/}P&}p | ﬁgult 2‘?| g
spacers 140. ove acer pr ot ec e
mgt erial 120, %?WIHS Elpﬁ'ieﬁat ftitheusegyf the igess 1ﬁ@iﬁ1“&€‘i“ﬂ@“ﬁ‘ﬁt"érl al 120 that

separate the gateeais plis eptbBR As oralitrheive uteliaar 0 caeuripaaneus Ol ogRieer i al 160

(see FIG 19) in the source/drain regions, and silicon (which is not stress inducing) can be epitaxially
grown in the source/drain regions as desired to thicken the fins 110 and/or to merge the
fins 110 together. Such treatment is typically performed to decrease the contact
resistance of the fins 110 and to accommodate the formation of source/drain contacts at
the ends of the fins 110,
{0036] Referring again to FIG. 12 and FIG. 13, the semiconductor material 160 could
be subjected to ion implantation (for source/drain doping) at this time if so desired. As
another optional step, the semiconductor material 160 could be subjected to a silicidation
process to form the source/drain contact areas at this time. Alternatively, ion
implantation and/or silicidation could be performed later during the fabrication process.
{0037] The manufacturing process may proceed by forming regions of dielectric
material outboard the spacers 140. FIG. 14 and FIG. 15 depict the state of the
semiconductor device structure 100g after this dielectric material 170 has been formed.
FIG. 14 is a top view of the semiconductor device structure 100g, and FIG. 15 is a cross-
sectional view of the semiconductor device structure 100g as viewed from line 15-15 in
FIG. 14. 1t should be appreciated that the cross-sectional view of the semiconductor

device structure 100g taken longitudinally through the dummy gate 130 wili still appear

H



100451Thi s exenplary fabrication process continues by formng a gate
structure that occupies the gate space 182 and the area defined between the
spacers 140. FIGS. 20-23 depict the state of the sem conductor device
structure 100j] after creation of an exenplary gate structure 190. FIG 20
is atop view of the sem conductor device structure 100j, FIG 21 is a
cross-sectional view of the sem conductor device structure 100j] as viewed
fromline 21-21 in FIG 20, FIG 22 is a cross-sectional view of the

sem conduct or device structure 100 as vi ewed fromline 22-22 in FIG 20
(i.e., taken t S i.n structure d FIG 23 is a
cross-secti onal @E}&}:&gvﬁ]\} fg?es A%mlsep%ﬂ]ggﬁ%% “(%?'tlo%roceé prg‘fl?'“hl(’ftuﬁ%céupfg(5‘fa°e§s vi ewed
from|ine 23- 23tp#d fp epacep(i 40 have beentcerkieiely filted wmith tha disledtic wateriatl] 7acent t he

seni conduct or  dirkples by M&&wd@po}ﬂ@&)) anérﬁl%ﬁz%fh Q%'%ace%@m@@e:ﬂléohmﬁ FRL G, how t he

conpl eted gate strulc()tou[le 190 f gate space area between
the spacers 148'°A&'%% Rern pﬂ‘l‘fﬂ@"&f’@?fﬂ”sePlﬁ‘@r‘@é?%‘je@?@%@tl’ﬁ é5190 i s forned
over | yi ng t he |6038j comdeutaﬁrminbbdhmexﬁi thd @feldEiRSmAQ A 17@%@@@#@& hakcihe gate

truct 190 des of th 10. The illustrated
amhodi ment 1 of o aeed ghEEERL bRy SRR ko bf e LRGP TSR caps 112

remai n at the 69y dofuny pase Stl‘ﬁwtws 1301 @nd tikcspwerd it 40gisiyig 2 well ishommateninl FI G 21, t he
gate structur %eﬂe@i@od t&hﬂlgtﬁe@ﬁg’l £¥E%Hl(¥l J&Eortdkb%s:h&%é{/ﬁ \o@gpr%a& Jh%@cai 120, the

fins 110, and the hard nmask caps . t er nat |ve% mask caps 112
coul d be remV&Y§* fﬁpi’sb‘P“{[d’CfV@r)rfﬁPiaﬁ?ﬁ eahanfeﬁéhegvattabvamrrdes@ﬁlmne(i’@@oID) resulting in
a tri-gate devViedelsdicitddiaie.70 sitieBeAletaRGE: Mstikk seREMAALLOPald r epl acenent
gat e procedur 0 w.of the gate struct e 190 ee FIL.G 20)

fol l ows the sgﬁr%"af‘nﬁe Sp?c%s\{‘*f%“g S g"é{fféthgfﬁﬂff’ést @“dlﬂffdj“%'?‘ééa*’lﬂljﬁ 14). In
this regard, ﬂ“h@ea@m@eéﬁppmtedmcisstri@ﬁmnsl frabmlacatedsiag dbr ckdngle, 8t transversely
overlies the %ﬁeﬁﬂt&%%ﬁcglrpofléhnmg%foﬁ UGS Bt « g@&iqn&%zﬁlp 134%8%5%@ | olls%xarrpl e, the

gate structure 190 is orthogonally oriente I'vVe to ongi t udi nal
axes of the sé&ff Bdfictor fin structures 102, 104. 100471The gate structure

190 can be falgmnssqat MeMt;@gomwﬁmdygfwéedW:%@ﬁ@ thd RSy S BrRfremat eri al
deposi tion, “%Ee ho]%nt p g a% etch 3% m%reover the gate structure 190
coul d be forrre ustng” @Sé’ FROMY CREPT gatd s W aeh A 6930dFE-g. . a gate
i nsul at or conb7 dreidt thg tdte caftkpcsbrylcmﬁsd:ualdhwaemg:axtaelom{ #ei fe@chd) ofghehi gh-k net al
gate a”ange“&!}ﬁmy %Fesr&l:‘?&bélglfﬁe}:i(?v L BisRE o%cvgelw ?thef at‘nl?{olnguac‘ &)efwcg st&utgtu%a,?gf, ? al

structure 190 may m ng at I'east  one
overlyi ng t he!Q&r¢Bi%diits éﬁloﬁéwfeéal SIPWlqﬁtbwelcgr(}i@¢t0rsihumtruqmr¢;l(@1 2518 and FI G

19. In typi caliceslredi Iﬁi@ﬂﬁ $7 intFi® Igaﬂbtﬁ)d{'ygtén@yeﬁt)isthé)cfurrﬂ@tggtem%ws s are
bl anket dep05|t conduct or device structure in a conformnal

d. on
manner (usi ng’ L? ﬂé%%%fﬁ‘ﬁ’lale"?q}ﬁﬁiymw cqPrig* YEHBLE thaighs HEoHisPY YdlYs et i oned
previously). @Q@@#8¢Tdvel odapdmrhyeghtegatzeAbmtdel@lyalem@\arbf&Haa&niﬂﬁge@é anari zed
using, for ex , C 0 |sh| or, the
i |lustrated eﬁgﬂg’% Bﬁx&ggﬁh%e %t Sug}glfﬁmggkgwieggﬁﬁqageﬁ %G%P‘Soff ﬁ?é‘& until it is
even with theseepr%frfﬁtelﬁp@ gk Qabfellépabﬂefrt@nslame inawlaing wefarial 2t (thanyerover f i | |

material is rgeRMuSH cdveRih fig HRRE 3 material 170
(see FIG 22 lﬂnd F Ei RS i aécatti%gg&@%qe@sﬁlg%geﬁ( &JS&J gt%gdﬁ or the

diel ectric nalf®FPgPe ?LPPE?C%@W*‘H“ Qﬁé“s"é%o“éﬂ viFd af & segtieppdycidlilvie or during this
step. U ti matsdugtyre 1008 tggat Ongidibkaly Bieechd shiert (OB apdsar 3s heSMmtFI@f these

fabrication s{ eps.
[0040] [n certain embodiments, the dummy gate structure 130 is removed by
sequentially or concurrently etching the dummy cap 134 and the dummy gate 132 ina
selective manner, stopping at the desired point. The etching chemistry and technology
used for this etching step is chosen such that the spacers 140 and the dielectric material

170 are not etched (or only etched by an insignificant amount). Depending upon the



100491Thereafter, any nunber of known process steps can be perfornmed to
conplete the fabrication of one or nore sem conductor devices that
incorporate the semiconductor fin structures 102, 104. For exanple, the
manuf act uri ng process can be carried out to conplete the fabrication of at
| east one transistor device that includes the fins 110 and the gate
structure 190. These final process steps, and other back end process steps,
wi Il not be described here. 100501Wiile at |east one exenplary enbodi nent
has been presented in the foregoing detail ed description, it should be

appreci ated t h;ﬁt'tlcé‘larvp@t?\cgss Q%Pﬁggftﬁ)er%%ﬁi Qt% 1% Xi S 'blieldttq[ zogggtég]?a?dbso be

appreci ated that the exe fent” o ed herein
are not |ntendé?Hk‘E‘tBSIlHzﬂffheXﬁéSté’@@e@tatafpminﬁaltﬁtthﬁtwofﬂ)cf@drw| guration of the

cl ai med subj EC!'OMTP-'[ t €he mdﬂu@@&iln‘@@%cesﬁaﬁ Soeectl:ﬂ‘?enﬁd%rngg(f?ﬁe'wmg@{p@éeljed
description w|| e those il]e a conveni ent road

map for inpl en%sﬁl Frr‘{‘fgmatt‘ﬂ‘él I&%E’@Ffrﬁél?fdé?‘r‘l%@ﬁ %ﬂﬁtthetﬁnsé%&ﬁ AemddIGI P shoul d be
under st ood thetteplvtamas@u@fmhaamsdwtamdmemderel1mataﬂibethf3uﬂg:}{tbﬂﬁe and arrangement

of elenments w r erSG0 defined. b cl ai ms, which
i ncl udes knomﬁLSjggﬂT?gva%g%l ﬁszbgaggé 8{@8%@%&'%6? cflﬁ‘%{j‘/raef‘we %5%'”?%3]‘ e of
filing this pateéptthassmicprsaeordin struc@icAl (451 Mfrerain wiactl Acswetihglysthe bpA met hod of

manuf act ur i ng vaewl dfHR8ChiSRAMRPRINE LiREnAGYH GEI RLSHMRIIT Spickh & FIBL RO

conpri si ng: (because the height of the insulating material 120 is not distinguishable in FIG. 16). For

this reason, FIG. 18 is a cross-sectional view of the semiconductor device structure 100
as viewed from line 18-18 in FIG, 16, and FIG. 19 is a ¢ross-sectional view of the
semiconductor device structure 100i as viewed from line 19-19 in FIG. 16. Notably, FIG.
18 cotresponds to a section through the semiconductor fin structure 104, and FIG. 19
corresponds to a section adjacent to the semiconductor fin structure 102. For this
embodiment, a section taken adjacent to the semiconductor fin structure 104 and a section
taken between the semiconductor fin structures 102, 104 would also appear as shown in
FIG. 19.

10042] If a tri-gate device is being fabricated, then the hard mask caps 112 may also
be removed at this time. In such embodiments, the top view of the device structure at this
point in the process would be similar to that shown in FIG. 16, however, the fins 110
would be visible instead of the hard mask caps 112. Likewise, the hard mask caps 112
would not appear in FIG. 18.

0043} In certain embodiments, the insulating material 120 is partially removed using
a selective and anisotropic etching technique. In this regard, the insulating material 120 is
preferably etched using an appropriate etch chemistry that is selective to the insulating
material 120, and such that the dielectric material 170, the spacers 140, the hard mask
caps 112, and the fins 110 remain intact (or such that these items are preserved with only
an insignificant amount of etching). Note that the spacers 140 serve as a self-aligning
etch mask while the insulating material 120 is being anisotropically etched. Accordingly,
the portion of the insulating material 120 that is located below the area defined between
the spacers 140 is etched in a self-aligned manner. Moreover, the selective etching of the
insulating material 120 is controlled such that an isolating layer of the deposited

insulating material 120 remains overlying the semiconductor material 106 and between



form ng a sem conductor fin structure froma layer of sem conductor

mat eri al ; depositing an insulating material overlying the

sem conductor fin structure such that the insulating material fills space
adj acent to the sem conductor fin structure, resulting in deposited

I nsul ating materi al; creating a flat surface fromthe deposited
insulating material, the flat surface being continuous with an upper
surface of the sem conductor fin structure; fabricating a dummy gate

structure overlying the flat surface, the dum‘ry gate structure transversely

overlying the @egGoORALet sl Sbs ugt n Scdi acent
Si devx/gl Ig of tthe étglat eStrsCHlejc?%lr*e (‘ééeeri(} 1@{1% g?ﬁaplﬁ&?rseﬁn I ng the dummy

gate struct ure“ﬁﬁlariéollsé Uai ‘llibsef“ﬁé“‘%‘ﬁta’c@%m@ﬂrb%lt%df)ﬁ e ?‘elali‘?tﬂ&ét to expose
the flat surfaeesbet wesnwh me?lspa@xa{m BN ekching ofthkh@g@plaé In@Erial $2 ec;l :‘/mn)éd

h t I nsul atin el ow an area defi
gfafwlegg tsgges aducg(?tsg %?Swm t%gu% H(g?(’"tgﬂg'{‘n?‘ﬁﬂ "¢ BIPATE PrUUEHET he spacers.
2. The net hod féﬂm th¢ eeivitn formedvhipessurfack d 8o Mig msblet:@e:mteﬁﬂnztl{cfctr%mﬁahsmn,st ructure
conprises: forging . @ﬁé&l@%ﬁ@é&% gthmtlﬁatglg ?{Al ﬂ)cfelhl} slm%%ormsaéa .t or

sem conductor material; an sem con
material, usi M§EFRE fﬁ’di‘%%@ﬁ%‘ﬂ“ﬁ%ﬂ%%kﬂlﬁ%l@h @feefvgmﬁﬁs 18u8rentl At t he

seni conduct or ik putadpicd ¢82u§ Bca@éam?érly&@%eanshla{hgfn%eﬂﬁd 24, 6@9%1 gl ayer of

sem conduct or S%E()Gnduc?or fin structures ?(B FO%r E%Etweenlthr!: spz;[cgrs %4%6 I\/Breove? rthr;:ed hard mask.
spacers 140 protect the underlying insulating material 120, thus forming thin “walls” of
the insulating material 120 that separate the gate space 182 from the outboard
semiconductor material 160 (see FIG. 19).
[0045] This exemplary fabrication process continues by forming a gate structure that
occupies the gate space 182 and the area defined between the spacers 140. FIGS. 20-23
depict the state of the semiconductor device structure 100j after creation of an exemplary
gate structure 190. FIG. 20 is a top view of the semiconductor device structure 100§, FIG.
21 is a cross-sectional view of the semiconductor device structure 100j as viewed from
line 21-21 in FIG. 20, F1G. 22 is a cross-sectional view of the semiconductor device
structure 100] as viewed from line 22-22 in FIG. 20 (i.e., taken through the semiconductor
fin structure 104), and FIG. 23 is a cross-sectional view of the semiconductor device
structure 100j as viewed from line 23-23 in FIG. 20 (i.e., taken through a section adjacent
the semiconductor fin structure 102),
{0040] FIGS. 2023 illustrate how the completed gate structure 190 fills the gate
space 182 and the area between the spacers 140. As is well understood, the gate structure
190 is formed overlying the semiconductor fin structures 102, 104 such that the gate
structure 190 contacts the vertical sides of the fins [10. The illustrated embodiment
represents a dual-gate device wherein the hard mask caps 112 remain at the tips of the
fins 110. Accordingly, as shown in FIG. 21, the gate structure 190 is formed overlying
the insulating material 120, the fins 110, and the hard mask caps 112, Alternatively, the
hard mask caps 112 could be removed prior to formation of the gate structure 190,
resulting in a tri-gate device structure. In accordance with conventional replacement gate
procedures, the top view of the gate structure 190 (see FIG. 20) follows the same fayout
as the dummy gate structure 130 (see FIG, 14). In this regard, the gate structure 190 is

fabricated such that it transversely overlies the semiconductor fin structures 102, 104.
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3. The method of claim2, wherein the creating step creates the flat
surface such that the upper surface corresponds to a surface of the cap.

4. The method of claim1, wherein formng the sem conductor fin structure
conpri ses: providing a substrate having the layer of sem conductor
material in the formof bulk sem conductor material; and etching the
bul k sem conductor material to define the sem conductor fin structure and
to create isolation trenches for the sem conductor fin structure in the
bul k sem conductor material. 5. The method of claim4, wherein the

i ating material.
o The. method gl el aime T o iner oot o ARl et SRS L 0Ot ur e
(o)

conpri ses: "g‘tﬁ?'fﬁ}im&?? ﬁlaheafe@@?ﬁdéﬁ?fd'ﬁéF‘&FuﬁéﬁQ% H¥ul ator (SO) substrate
havi ng the | ayp47of SbeiaEondues 00 chmpleaitriadicdQviag &waamawmgg ]gkla;ﬁtSQ{thayer
etc r ctor ppteria efi ne
22g1conductornhp%m%mﬁh%gﬁglp%vgﬁl?HpéE?E%“Vﬁéﬁfﬁ?ﬁ?tmﬁ?@ﬁmmmmlgo 7. The
met hod of cl ai §9FiF be (ireedaping aw esittlishgd temidubticcbuiotnee., agn@mm&ﬁﬁ pol i shi ng

the deposited domsibedikHCholVBl 84iliRlgate Q%étr%ge Eﬂghk‘ gtgi dga([%lﬂtrri gmenp or t%e

sem conductor fin struct¥re as a polish

abrication of the gate structure 190 may begin by forming at least one

like). In practice
layer of gate material overlying the semiconductor device structure 100i shown i in FiG. 18
and FIG. 19. In typical embodiments, the various layers of gate materials are blanket
deposited on the semiconductor device structure in a conformal manner (using, for
example, any of the deposition techniques mentioned previously).

10048) The deposited gate material can then be planarized using, for example, a
chemical mechanical polishing tool. For the illustrated embodiment, the deposited gate
material is polished until it is even with the upper tips of the spacers 140, and such that
any overfill material is removed from the upper surface of the dielectric material 170 (see
FIG. 22 and FIG. 23). In practice, the spacers 140 and/or the dielectric material 170
could serve as a polish stop indicator during this step. Ultimately, the gate structure 190
is formed as a result of these fabrication steps.

{0949] Thereafter, any number of known process steps can be performed to complete
the fabrication of one or more semiconductor devices that incorporate the semiconductor
fin structures 102, 104. For example, the manufacturing process can be carried out to
complete the fabrication of at least one transistor device that includes the fins 110 and the
gate structure 190. These final process steps, and other back end process steps, will not
be described here.

[6050] While at least one exemplary embodiment has been presented in the foregoing
detailed description, it should be appreciated that a vast number of variations exist. It
should also be appreciated that the exemplary embodiment or embodiments described
herein are not intended to limit the scope, applicability, or configuration of the claimed
subject matter in any way. Rather, the foregoing detailed description will provide those
skilled in the art with a convenient road map for implementing the described embodiment
or embodiments. It should be understood that various changes can be made in the
function and arrangement of elements without departing from the scope defined by the
claims, which includes known equivalents and foreseeable equivalents at the time of

filing this patent application.



8. The method of claiml, wherein: sel ectively etching some of the
deposited insulating material defines a gate space for the finned

sem conduct or device structure; and the nmethod further conprises
form ng a gate structure that occupies the gate space and the area defined
bet ween the spacers. 9. The nethod of claim1, further conprising
form ng regions of dielectric material outboard the spacers, prior to
renovi ng the dunmy gate structure. 10. The nethod of claim1,
wherein fabricating the dunmy gate structure conpri ses: depositing at

| east one | ayer Qfsgdunmy gate material overlying the flat surface; formng
a dummy gate etch mask overlying the at | east one | ayer of dummy gate

mat eri al ; and anisotropically etching the at | east one | ayer of dunmy
gate material inweatad d0RQliegy defined by the dummy gate etch mask. [I1.The
met hod of claim|l, wherein formng the spacers conprises: depositing a
spacer material overlying the dummy gate structure; and anisotropically and
sel ectively etching thettsparenuib@bigidhne Gentlehilner 1@ SPIGRS e

method comprising:

forming a semiconductor fin structure from a layer of semiconductor material;

depositing an insulating material overlying the semiconductor fin structure such that
the insulating material fills space adjacent to the semiconductor fin structure, resulting in
deposited insulating material;

creating a flat surface from the deposited insulating material, the flat surface being
continuous with an upper surface of the semiconductor fin structure:

fabricating a dummy gate structure overlying the flat surface, the dummy gate
structure transversely overlying the semiconductor fin structure;

forming spacers adjacent sidewalls of the dummy gate structure;

thereafier, removing the dummy gate structure while leaving the spacers substantially
intact, to expose the flat surface between the spacers; and

thereafter, selectively etching some of the deposited insulating material below an area

defined between the spacers, and in a manner that is self-aligned with the spacers.

2. The method of claim 1, wherein forming the semiconductor fin structure
comprises:

forming a patterned hard mask overlying the layer of semiconductor material; and

etching the layer of semiconductor material, using the patterned hard mask as an etch
mask, such that the semiconductor fin structure comprises a fin formed from the layer of
semiconductor material and a cap corresponding to the patterned hard mask.

3. The method of claim 2, wherein the creating step creates the flat surface such

that the upper surface corresponds to a surface of the cap.

4, The method of claim 1, wherein forming the semiconductor fin structure
comprises:
providing a substrate having the layer of semiconductor material in the form of bulk

semiconductor material; and



12. A method of manufacturing a finned sem conductor device structure, the
nmet hod conprising: providing a substrate having bul k sem conduct or

material; formng a sem conductor fin structure fromthe bul k sem conduct or
mat eri al ; depositing an insulating material overlying the

sem conductor fin structure such that the insulating material fills space
adj acent to the sem conductor fin structure, resulting in deposited
insulating materi al ; pl anari zing the deposited insulating material and
t he sem conductor fin structure to create a flat surface; and
thereafter, perfgping tﬁxlﬁs@rﬁi’c@’ﬁ@%%tegﬁrtoede% gﬁe s%irlijl{cg &uQor & smlcfhrugaat €
structure transvers§1 overlying the sem con iRt 13.
The met hod d?“&ﬁ%FﬁWTQUBMh@ﬁ@ﬂWSﬁ@ﬁﬁ@ﬁﬁvﬁ@ﬂﬂﬁ@mﬂ@@bb@GWEmpmgame procedur e
conprises: material. f abricating a dummy gate structure overlying the flat
surface, the dummy gate structure transversely overlying the sem conduct or
fin structure; formng spacers adjacent sidewalls of the dummy gate

structure; $.-her &bd ha@hqd of daimwi wigrdirhige dhigesming grad &!lssmerisb?tiwt&gwai le | eﬁvi ng
t he spacers t: tact, to expose the flat surface between the
spacers; ana§MQ%nﬁM g@%g ?%? selectlvely etching sonme of the deposited

insul ating materi al bel ow an area defined between the spacers, and in a
manner that is self-ahd gaRd oMILiR 1t MIRHPBGREShe semiconductor fin structure

comprises:

providing a semiconductor-on-insulator (SOI) substrate having the layer of
semiconductor material overlying an insulator layer; and

etching the layer of semiconductor material to define the semiconductor fin structure

overlying the insulator layer.

7. The method of claim 1, wherein creating the flat surface comprises polishing
the deposited insulating material, using the upper surface of the semiconductor fin structure

as a polish stop indicator.

8. The method of claim I, wherein:

selectively etching some of the deposited insulating material defines a gate space for
the finned semiconductor device structure; and

the method further comprises forming a gate structure that occupies the gate space

and the area defined between the spacers.

9. The method of claim 1, further comprising forming regions of dielectric

material outboard the spacers, prior to removing the dummy gate structure.

10, ‘The method of claim 1, wherein fabricating the dummy gate structure
comprises:

depositing at least one layer of duminy gate material overlying the flat surface;

forming a dummy gate etch mask overlying the at least one layer of dummy gate
material; and

anisotropically etching the at least one layer of dummy gate material into a topology

defined by the dummy gate etch mask.



14. The method of claim 13, wherein: sel ectively etching some of the
deposited insulating material defines a gate space for the finned

sem conduct or device structure; and perform ng the replacenment gate
procedure further conprises formng the gate structure such that it
occupi es the gate space and the area defined between the spacers.

15. The method of claim 12, wherein: the sem conductor fin structure
conprises a fin formed fromthe bul k sem conductor material and a hard mask
cap overlying the fin; and planarizing the deposited insulating materi al
results in renoval of the hard mask cap. 16. The nethod of claim 12

wher ei n: the sem conductor fin structure conprises a fin formed from
the bul k seni contluct SF‘I' ReEt W dfimdntheacharnG s acEsOBNErt ying the fin; and
t he met hod furt héposhmgpepase makeroOvENgy thbeurhay ghtdrmasdrgag fromthe fin prior

to planar ' zing t ﬁ%og(?p%gﬁ)} gnggeigcg\;sew e?c%:jng g\e g[%%ﬁ:? I;niataexl'iail toltﬁ:ﬁne-l;peespgzgrts.hOd of claim
12, wherein:
12, A method of manufacturing a finned semiconductor device structure, the
method comprising:
providing a substrate having bulk semiconductor material;
forming a semiconductor fin structure from the bulk semiconductor material:
depositing an insulating material overlying the semiconductor fin structure such that
the insulating material fills space adjacent to the semiconductor fin structure, resulting in
deposited insulating material;
planarizing the deposited insulating material and the semiconductor fin structure to
create a flat surface; and
thereafter, performing a replacement gate procedure to form a gate structure

transversely overlying the semiconductor fin structure.

13, The method of claim 12, wherein performing the replacement gate procedure
comprises:

fabricating a dummy gate structure overlying the flat surface, the dummy gate
structure transversely overlying the semiconductor fin structure;

forming spacers adjacent sidewalls of the dummy gate structure;

thereafter, removing the dummy gate structure while leaving the spacers substantially
intact, to expose the flat surface between the spacers; and

thereafter, selectively etching some of the deposited insulating material below an area

defined between the spacers, and in a manner that is self-aligned with the spacers.

14, The method of claim 13, wherein:

selectively etching some of the deposited insulating material defines a gate space for
the finned semiconductor device structure; and

performing the replacement gate procedure further comprises forming the gate

structure such that it occupies the gate space and the area defined between the spacers.



the sem conductor fin structure conprises a fin fornmed fromthe bul k

sem conductor material and a hard mask cap overlying the fin; and t he
met hod further conprises renoving the hard mask cap fromthe fin during the
repl acenent gate procedure. 18. A method of manufacturing a finned
sem conduct or device structure, the nethod conprising: providing a
substrate having bul k sem conductor materi al; formng a plurality of
sem conductor fin structures fromthe bul k sem conductor materi al

creating isolation trenches in the bulk senm conductor material, the

i sol ation trenchgs | pcat&chaleelingan Jnbginpl ural ity of sem conductor fin
structures; illing the isolation trenches and coverln% the plurality

of sem conduct or$ Sieﬁ"cg‘fdr“&‘{%‘t ey SBUCtyF eoRPEEss # 1% formad; fiegr thrsubyspraipondycing y | ¢ | ng in
deposi t ed |m&uhamhmgmmmmﬁkmahwm@h@akwmgma flat surface fron1the deposi t ed

i nsul ati ng mat er ace ontinu er surfaces
of the plurali t)}) Ian? ﬁzméﬁ‘lgec%ﬁoﬁﬁ%it%s}l lagng mag’f'?f r%f”%fr“é emoéaﬂ?fsﬂf% Lﬂ{’%

perform ng a replacenent gate procedure to forma gate structure
transversely ovel yi fig tdaeqRF4diAl b tihe@f,: S€M conductor fin structures.

the semiconductor fin structure comprises a fin formed from the bulk semiconductor
material and a hard mask cap overlying the fin; and
the method further comprises removing the hard mask cap from the fin prior to

planarizing the deposited insulating material,

I7.  The method of claim 12, wherein:

the semiconductor fin structure comprises a fin formed from the bulk semiconductor
material and a hard mask cap overlying the fin; and

the method further comprises removing the hard mask cap from the fin during the

replacement gate procedure.

18. A method of manufacturing a finned semiconductor device structure, the
method comprising:

providing a substrate having bulk semiconductor material;

forming a plurality of semiconductor fin structures from the bulk semiconductor
material;

creating isolation trenches in the bulk semiconductor material, the isolation trenches
located between the plurality of semiconductor fin structures;

filling the isolation trenches and covering the plurality of semiconductor fin structures
with an insulating material, resulting in deposited insulating material;

creating a flat surface from the deposited insulating material, the flat surface being
continuous with upper surfaces of the plurality of semiconductor fin structures; and

thereafter, performing a replacement gate procedure to form a gate structure

transversely overlying the plurality of semiconductor fin structures.



19. The nmethod of claim 18, wherein perform ng the replacenent gate

procedure conpri ses: fabricating a dummy gate structure overlying the
flat surface, the dumy gate structure transversely overlying the plurality
of sem conductor fin structures; form ng spacers adjacent sidewalls of the

dummy gate structure; thereafter, renoving the dummy gate structure
whil e | eaving the spacers substantially intact, to expose the flat surface
bet ween t he spacers; thereafter, selectively etching sone of the

deposited insulating material bel ow an area defined between the spacers,

and in a nmanner tdhat Thésma@@hdfof ahilmgBEHentpbridrAfe %Qaﬁa%énenggategﬁ)wdﬂt% a gate
space for tQ%m&%@yed sem conduct or device structure; an formng the
gate structure”such that it occupies the gate space and the area defi ned
bet ween t he spaciprivating a dummy @@ stritvee netifioghofliat clréicenthk Qummhereei n t he step of

sel ectively sglahl &bgs\éggfo%t'iyﬁw%\?e &ﬁlgﬂg%}sggici)&g&!)ra}{nisﬁ&turrre%"t erial is controlled

such that an iso]ating Iayer ] eposited 1nsulating material renmains
overlying the buPRMESRICEHAditreRtsidewrls efitheglumapdatbsitusesn the plurality of

sem conduct or f i ther&iftérl@bVigSthe dummy gate structure while leaving the spacers substantially
intact, to expose the flat surface between the spacers;
thereafter, selectively etching some of the deposited insulating material below an area
defined between the spacers, and in a manner that is self-atigned with the spacers, to define a
gate space for the finned semiconductor device structure; and

forming the gate structure such that it occupies the gate space and the area defined

between the spacers.

20.  The method of claim 19, wherein the step of selectively etching some of the
deposited insulating materia] is controlled such that an isolating layer of the deposited
insulating material remains overlying the bulk semiconductor material and between the

plurality of semiconductor fin structures.
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